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CHAPrER I 
'l'HE PROBLEM AND MET HOD OF SOLV D.TG IT 
The problem.--The problem is to construct a unit on 
micro s copic life by applying the basic principles and proce-
1/ 
dures set f orth in Fundamen tals of Secondary-School Teaching-
and in the courses of Dr. Roy o. Billett in The Unit Method 
in the Secondary-School and Dr. John G. Read in Methods of 
~eaching Science in the Se condary-School. Both cour s es are 
g iven a t Boston University School of Education. 
Pupils to be taught.--The unit is intended for tenth-
grade pupils in g eneral biology. Since biolog y is now becoming 
a requir ed course in many of the best high schools throughout 
the country, it is the aim of the writer to attempt to t rain 
pupils to become intellig ent consumers rather than t o provid e 
a basic unit for f uture scientists. Therefore, both social 
and scientific aspects of microscopic life are stressed. Pu-
pils who are considering a vocation in biological science 
may find an ex cellent opportunity to determine the g enuine-
ness of their interest by carrying out the ex periments which 
are listed under a dditional activities for enrichment and 
for providing f or individual differences. 
1/Roy o. Billett, Fundamentals of Secondary-School Teaching, 
Houg hton Mifflin Company, Boston, 1940. 
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c iassroom laboratorY.--Although the unit may be taught in 
almost any classroom laboratory where there are a sufficient 
number of flat tables on which pupils may work, a room which 
has about eig ht four-student tables with comfortable chairs 
would be most desirable. The 'common laboratory tables are six 
feet long , three and one-half feet wide and two and one - half 
feet h igh. The tops consist of one and one-quarter inch b lack 
Kemweld. Asphalt tile floors are excellent. A large demonstra-
tion table which is equipped with a sink, running water, g as, 
and electricity should be at the front of the room. The teach-
er's desk is usually at the front of the room near the d e mon-
stration table. Windows, which are of sufficient size and num-
ber to allow for an adequate amount of light and ventilation, 
should be provided with opaque shades which may be drawn when 
slides or films are shown. ~mple bulletin-board space is nec-
essary and is much preferred to blackboard. A larg e table 
should be provided for pupils to display materials which they 
bring to class. If no table is available, boys should be able 
to make wall tables very easily at little cost. 
Library.--It is recommended that all reference books~ 
which are to be used while the unit is being taught, be k ept 
in the classroom library rather than in the main library as 
students will have occasion to use them for laboratory work 
and more pupils will, thereby, have access to them. All bul-
letins relating to microscopic life which are published by the 
University of Massachusetts Extension Service, the Govern-
ment Printing Office, and Turtox General Biolog ical Supply 
House ~ should be a part of the classroom library. It should 
be the responsibility of pupils r ather t han of the teacher 
to s end f or such bulletins. Members of the biolog y club may 
vote to carry out such details as a service project. 
Equipment.--A sound movie projector , and an opaque pro-
jector are es s ential for teaching the unit. They may, however, 
need to be shared with other teachers in the school. One micro-
scope for each g roup of four pupils would be ideal. If the 
school budg et does not allow for a number of microscopes, pu-
p ils can learn to share. 
Filing cabinets. --Some provision mus t be made f or filing 
certain materials which are to be used while the unit is being 
taught. If no s u itab le filing cabinets are in the clas sroom, 
pupils can make some arrang ements f or filing materials. The 
phrase "necessity is the mother of invention" applies in the 
b iology lab oratory as well as it d oes elsewhere. It is sur-
prising what pupils will do when challeng ed. 
Supplies.--A well stocked aquarium is ideal f or the 
growing of algae which will be studied. In addition to the 
permanent mounts which are listed under the core activities, 
clean microscope slides , micro cover slips, pipettes, curved 
f orceps, and sharp razor blades are essential, the number de-
pending upon the number of pupils in t he class. 
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Method of solving the problem.--In order that the teach-
er may begin ·to understand the needs of pupils, it is neces-
sary to g ather a certain amount of information about each one 
of them. The intellig ence quotient should be recorded. It is 
important to remember, however, that intelligence quotients 
are not entirely reliable and the teacher should refrain from 
h a sty judg ements and use all test results merely as a guide. 
Information in reg ard to the pupil's reading level and results 
on an achievement test in g eneral science are helpful. The 
writer is very much in favor of a great deal of cooperation 
b etween the guidance counselor, the parent, and the teacher 
but is well aware of the fact that . usually . in the public school, 
the teach er has so many pupils that it is difficult to prac-
tice that which is ideal from the theoretical point of view. 
However, this d oes not lessen the need to make a sincere ef-
fort to d o so. 
Delimitation of the unit.--The delimitation of the unit 
on microscopic life was written after a considerable number 
of t h e most modern textbooks had been reviewed. An attempt has 
been made to keep the new vocabulary at a minimum since many 
pupils in the tenth g rade are not up to their g rade level in 
reading . Technical terms are used where they are fundamental 
to an understanding of later topics which will be studied in 
the course. With the exception of the names of the two phyla 
which are to be studied, scientific classification is omitted 
l 
since too much memorizing has a tendency to destroy enthu-
siasm • . · Furthermore, the value of learning the scientific 
names of classes is seriously questioned in the high-school 
course. It is hoped that the textbook will be used only as 
a reference b ook and that pupils will learn by doing and will 
have a wide variety of direct experiences with living material 
rather than vicarious experiences. 
Optional related activities.--In writing the optional 
related activities, the writer has made an attempt to encour-
age a considerable amount of integ ration of biology with oth-
er high-school subjects and to teach directly for transfer of 
training as one cannot assume that transfer will take place 
oth erwise. 
Time for teaching. --The unit should be taught early in 
the fall as much of the material is fundamental to an under-
standing of biological principles which will be considered 
in the course. Although opinions will vary as to exactly 
when in t h e sequence of topics the study of microscopic life 
should be begun, it is suggested that it be taught after a 
unit on the relationship of living things to their environ-
ment, a unit which might well be the first in the course. 
A furt•her advantag e to teaching the unit early, is that liv-
ing material is easy for pupils to obtain in the fall and an 
introduction to biolog y should encourage pupils to become 
more observant of living things in the environment rather 
I 
than merely introducing them to more subject matter. Because 
of the nature of the subject, a tentative time allotment of 
s 1x weeks is suggested although this is a departure from the 
recommended three or four weeks which is usually the length 
of time for each biology unit. 
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Testing results.--The final test was constructed to mea-
sure carefully each item in the delimitation. The same test is 
to be given as a pretest before the actual teaching of the unit 
beg ins and as a final examination. Pupils are not to know this 
until t h ey take the final test. After the pretest is given, 
t h e possible g rowth of each pupil may be recorded. For e x ample, 
if the hig hest possible score on the test is 87 and a pupil 
should receive a pretest score of 67, his possible g rowth 
would be twenty. If on the final test he should receive a 
score of 77, his actual growth would be ten. The per cent which 
the pupil achieves would be fifty since ten (his actual growth) 
is fifty per cent of twenty (his possible g rowth). When the 
percentag e which each pupil achieves has been determined, a 
frequency distribution may be set up and pupils may be marked 
on a normal curve. It is suggested, however, that when a final 
g rade is g iven for the test, two marks should be considered, 
one of which shows the pupil's achievement in relation to him-
self, and the other of which shows his relation to other mem-
bers of the class. Thereby, the pupil who is not outstanding 
in the class may receive his reward if his achievement in re-
7 
lation to his own ability is great, but to mark a pupil 
entirely on the basis of his personal achievement would be 
very unrealistic since we live in a highly competitive society. 
A. further dis cuss ion of methods of grading appears under the 
evaluative activities, Chapter Two, Section Five. 
The log.--4 log should be kept from the very time that 
the teaching begins so that the unit may be improved upon if 
it is to be taught another year. 
CHA.PrER II 
UNrr Trr LE : MIC ROSCOP IC LJFE 
I. Setting Up Teacher's Objectives F or The Unit 
A . General statement of the unit.--There are few subjects 
in biology which are of greater interest to the scientist or 
the layman than is microscopic life. Through the ages man's 
greatest friends and h is greatest enemies have been among 
the tiny creatures which inhabit the unseen world of lif e. 
S ince the early par t of the seventeenth century wh en the 
f irst microscopes were perfected, the marvelous discoverie s 
in t h e field of microbiology have, perhaps, contributed more 
to man's health and happiness than any other achievements in 
the world of science. 
B. Delim i tation of the Unit: 
1. The cell is the unit of structure and function of 
plants and animals. 
2. Th e nucleus cont rols most of the activities of t h e cell. 
3· The cells of all alg ae contain chlorophyll wh i ch ena-
bles t h em to manufacture their own food. 
4. Al g ae are necessary to aquatic life as a source of food 
and ox ygen. 
5· Man uses valuable algae such as seaweed and valuable 
f ungi such as mushrooms, some molds, yeast) and certain 
kinds of bacteria. 
6. Man tries to control destructive fungi such as some 
molds, mildews, rusts, smuts, blight-causing org an i s ms 
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and certain bacteria which are the most destructive 
of all plants. 
7• Microscopic plants and animals exhibit a variety 
of adaptations in connection with food getting and 
reproduction. 
8. Some fungi and protozoa need more than one host in 
order to complete their life cycle. 
9· Bacteria live almost everywhere. 
10. Most bacteria are harmless. 
11. Warmth, moisture, and darkness are ideal conditions 
for the growth of bacteria. 
12. Certain types of bacteria are very useful in such 
industries as cheesemaking, the making of linen 
threads, the tobacco and tanning industries. 
9 
13. Decay, denitrifying, and nitrogen-fixing bacteria are 
necessary in maintaining soil fertility. 
14. Certain bacteria are necessary in the digestive pro-
cess of animals. 
15. Tetanus, commonly known as lockjaw, is caused by a 
spore-forming flagellate type of bacillus and an 
active, permanent immunity to the disease may be 
established by inoculating tetanus toxoids into the 
bloodstream. 
16. Vaccines and serums are the most important biologi-
cal products which are used in the treatment of 
disease. 
17. Sulfa drugs and antibiotics are valuable chemicals 
which are used in the treatment of disease. 
18. Bacteria which cause food spoilage may be controlled 
by canning, cold storage or drying. 
19. The human body has some natural defenses against 
g erms. 
20. Good citizens take prompt measures to check the de-
velopment of infections and to prevent their spread 
to other people. 
21. Some protozoa are parasites and produce disease in 
man. 
22. Public health measures include a safe water supply, 
supervision of milk and food supplies, garbage and 
sewage disposal, and quarentining. 
c. Probable Indirect and Incidental Learning Products 
Indirect: 
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1. Tendency to be more observant of living things in the 
env ironment. 
2. Tendency to observe advertisements for quick 11 cure-
alls" with a critical mind. 
3· Tendency to control plant diseases on one's property. 
4. Increased desire for personal cleanliness and the 
cleanliness of the environment. 
5· Tendency to give greater financial support to public 
health prog rams. 
Incidental Skills and Attitudes: 
1. The ability to use the library and its · card catalogue, 
Reader~ Guide to Periodical Literature, and reference 
books. 
2 . Increased knowledge of sources of materials which may 
be of value in answering personal problems. 
3. The ability to prepare a g ood re port and to outline 
a scientific article. 
4. The ability to use scientific charts relating to 
biology and to represent objects by diagrams. 
5· The ability to interpret statistics relating to public 
health. 
6. The ability to use the microscope. 
7• Skill in simple microtechnique. 
8. Increased reading skill as a result of better handling 
11 
of scientific terminology. 
9· An appreciation of the value of the scientific method 
in solving problems. 
10. An appreciation of the value of teamwork in the ad-
vancement of science and in the maintainance of 
public health. 
Incidental Facts and Concepts: 
1. The living material of all cells is protoplasm. 
2. Most plant cells secrete a wall of cellulose which 
enables the plant to stand erect. 
3· Animal cells never secrete a cellulose wall. 
4. The plasma membrane around the outer edge of the cy-
toplasm controls the passage of materials into and out 
of the living protoplasm. 
5· Living bodies called chloroplasts contain the chlor-
ophyll found in green plants. 
6. Nucleoplasm, ~dense form of protoplam, lies within 
the nuclear membrane. 
7. Within the nucleus is the nucleolus, a small round 
body concerned with cell division. 
8. Vacuoles containing cell sap are present in the cyto-
plasm and in the nucleus of cells. 
9· Chromosomes which carry hereditary characteristics 
may be seen if the nucleus is properly stained. 
10. Algae are the simplest green plants. 
11. Algae belong to the phylum Thallophyta which lacks 
roots, stems, and leaves. 
12. Algae vary in size from the microscopic types to the 
giant seaweeds. 
13. Flag ellates are alg ae which swim about by means of 
whip-like flagella. 
14. All algae reproduce by fission. 
15. Most alg ae live in fresh or salt water, althoug h 
the Protococcus (Pleurococcus) lives on trunks of 
trees. 
16. ~ weak solution of copper sulfate is used in treat-
ing water which is contaminated with algae since 
it kills the algae but does not harm fish nor does 
it poison drinking water. 
17. Some algae such as Oscillatoria develop adaptations 
f or floating in the water. 
18. Nostoc is an advance over Oscillatoria. since there 
is a differentiation of cells. 
19. Volvox is a fresh water colonial organism which ex-
hibits the beg inning of division of labor among 
cells. 
20. Euglena is referred to as the connecting link be-
tween the plant and animal king doms. 
21. When weather conditions are unfavorable, some alg ae 
such as S pirogyra reproduce by conjugation. 
22. S ince fungi lack chlorophyll, they must live in 
association with a host. 
23. Fungi whose hosts are living are called parasites. 
24. Fungi whose hosts are non-living are called sa.pro-
phytes. 
25. Mushrooms, bracket fungi, molds, rusts, and smuts 
reproduce by means of spores. 
26. Penicillin, a. valuable antibiotic, is obtained from 
a mold. 
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27. Wheat rust ma.y be controlled by eradicating the wild 
barberry, which is an intermediate host. 
28. Wilts are fungi which are infecting and rapidly 
killing our Elm, Oak, and Maple trees. 
29. Yeast causes fermentation and is of great value in 
the alcohol and baking industries. 
30. Lichens consist of several types of algae held in a 
mass of filaments of fungi. Some lichens yield val-
uable dyes such as litmus. 
31. Bacteria are one-celled organisms which have no vis-
ible nucleus • 
32. Bacteria reproduce rapidly by fission and form col-
onies. 
33· some types of bacteria may survive long periods of 
unfavorable conditions by forming spores. 
34. Bacteria forms are cocci (spheres}, bacilli {rods), 
and spirilla (spirals). 
35· Bacteria are aeroebic or anaerobic. 
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36. Streptomycin, a drug which is highly effective against 
certain diseases1 is a product of soil bacteria. 
37• Protozoa are one-celled animals which functiom as com-
plete organisms. They range from simple animals like 
Amoeba to complex ciliates like Paramecium. 
38. Protozoa are a source of food for fish and other aqua-
tic animals. 
39. Amoeba reproduces by cell division. 
40. Paramecium reproduces by cell division and conjugation. 
D. References Useful to the Teacher 
1. Bessey, E. A., Morphology and Taxonomy of the Fungi. 
The Blakiston Company, Inc. 1952. 
2. Billett, Roy o., Fundamentals of Secondary-School 
Teaching. Houghton Mifflin Company, 1940. 
3· Educators' Guide to Free Slidefilms. Educators' Pro-
gress Service, Randolph, Wisconsin. 
4. Gray, P., Handbook of Basic Microtechnique. The 
Blakiston Company, 1952. 
5· Health Bulletin for Teachers. Health and Welfare Div-
ision, Metropolitan Life Insurance Company, New 
York 10, N. Y. 
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6. Heiss, E. D., E. s. Osbourn, and c. w. Hoffman, Modern 
Science Teaching. The Macmillan Company, New 
York. 
7. Henrici · and Ordal, The Biolog~ of Bacteria, Third 
Edition. D. c. Heath an Company. 
8. Kendall, J. I., The Microscopic Anatomy of the Verte-
brates. Lea and Febiger, 1940. 
9· Kinder, Audio-Visual Materials and Techniques. Amer-
ican Book Company, 1950. 
10. Marshal, M. s., Laborator{ Guide in Elementary Micro-
biology. The Blakis on Company, 1951. 
11. Taylor, E. W ., Examination of Waters and Water Supplies, 
Sixth Edition. The Blakiston Company, 1949. 
12. Thomas, s. J. and T. H. Grainger, Bacteria. The 
Blakiston Company, 1952. 
13. Turtox Dependable Supplies for Biolo,l. General Bio-
logical Supply House, Iric. 761- 3 East 69th 
Place, Chicago 37, Illinois. 
J.4. Welch, P. S ., Limnological Methods. The Blakiston 
Company, 1948 • 
15. Wells, Secondary Science Education. McGraw-Hill Book 
Company, 1952. 
16. Wichterman, R., The Biology of Paramecium. The Blak-
istan Company, 1952. 
II .. Introducing the Unit 
The opaque projector is to be used to show pictures of 
microorganisms. Pictures in the several books which are sug-
gested for the teacher's refe.rence are very suitable. Every 
public library also has many well-illustrated books on the 
subject. 
The primary purpose of showing the pictures is not to 
15. 
entertain or to instruct the pupils but rather to turn their 
thoughts toward microscopic life and by means of free associ-
ation to start them talking. The writer has found such a 
method very successful. Pupils raise highly intelligent ques-
tions and should be allowed to discuss them freely during the 
period. It is the teacher's responsibility, not to attempt to 
answer all their questions, but to direct them in such a way 
that as the actual teaching of the unit progresses they may 
find the answer themselves. 
III.Core Activities 
1. Take Pretest Part A on microscopic life. 
2. Take Pretest Part B 
3· View projected pictures illustrating different microorgan-
isms and participate in class discussion about them. 
4. Vote for a chairman who will be in charge of the program on 
days when pupils who have done optional related activities 
will share their experiences with members of the class. 
It will also be the responsibility of the chairman to see 
that pupils who have volunteered to grow cultures which are 
to be used for class study have their materials ready at 
the time when they are needed. 
Your teacher will be glad to offer suggestions and attempt 
to answer questions~but the amount of educational value 
which you receive from this unit will depend primarily upon 
the degree of teamwork which you can show as a class. 
5· Read about the plant and animal cell. (23:A,l-13}. 
6. Pra.ctice using the microscope for an entire period. (22:1). 
7• Observe the film, ttcells and Their Functions." Discuss the 
film in class. 
8. Prepare a slide and make a labelled drawing of the skin of 
a lily bulb. (22':2). 
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9· Prepare a slide and make a labelled drawing of onion skin. 
( 22:3). 
10. Mount a thin slice of potato, stain it with iodine and re-
cord the results. (22:5}. 
11. Prepare a slide of a petunia le~ and make a labelled 
drawing. ( 22:4). 
12. Examine a thin section of cork under high power. Relate what 
you see to Hook's discovery of cells. (22:6). 
13. Take the quiz on cells and correct it 1n class. 
~. Read about blue-green algae. (23:B,l-18). 
15. Observe the film, 11 Life in a Drop of Water .u Discuss the 
film 1n class. 
16. Prepare a slide using a drop of pand water and study it under 
the microscope. (22:tl). 
17. Prepare a slide using a drop of sea water and study it under 
the microscope. (22:9). 
18. Mount a few filaments of the algae of pond scum and study 
with the aid of the microscope. (22:10). 
19. Observe the behavior of Oscillatoria in a culture dish and 
observe a filament under the microscope. (22:11). 
20. Observe a filament of Nostoc under the high power objective 
of the microscope. (22:12). 
21. Read about green algae. (23:B,l-18). 
22. Prepare a slide of Protococcus ("Pleurococcus) and observe 
under the microscope. (22:13). 
23. Prepare a slide of cultured Euglena and observe under the 
microscope. (22:14). 
24. Examine a slide bearing Volvox colonies under the low power 
objective and make a labelled sketch. (22:15). 
25. Prepare a slide of Spirogyra and examine it under high 
power. ( 22:16). 
26. Examine a prepared slide of Spirogyra conjugating. ( 22:17). 
27. Prepare a slide of lichen and examine it under low power. 
(22:18}. . 
28. Take the quiz on algae. Correct the quiz in class. 
29. Read about fungi. {23:C,l-31). 
30. View the film, "Growth of Bacteria, Yeasts, and Molds." 
Discuss in class. 
31. Observe moldy bread with a hand lens and with the micro-
scope. {22:19). 
32. Examine some budding yeast cells under the microscope. 
{ 22:20). 
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33. Examine the spores of wheat rust on a mature, infected wheat 
plant • ( 22: 21 ) • 
34. Write a carefully worded summary of any article on fungus 
diseases in which you are interested that has appeared in 
the literature within the past yea:r. Try to use less than 
two Hundred words. (20.). 
35• Examine a specimen showing corn smut. {22:22). 
36. Prepare and examine a slide using a drop of bean infusion. 
{ 22:23). 
37. Prepare a slide using a drop of bean infusion and stain it 
with methylene blue. (22:23). 
38. Observe colonies of bacteria seen on a streak plate, con-
tact plate, and exposure plate. (22:25). 
39· Examine permanent mounts of several types and groups of 
bacteria including cocci, bacilli, and spirilli. (22:26). 
40. View the film, "The Action of Bacteriophage on Typhoid 
Bacilli." Discuss the film in class. 
41. ~uiz on Fungi. Correct in class. 
42. Prepare a slide of epitheliru cells lining the mouth. Study 
the cells under high power. (22:27). 
43· Read about microscopic animals. {23:D,l-6). 
4J+. Prepare and examine a slide of Amoeba culture. (22:28). 
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45· Prepare and examine a slide of Paramecia. (22:29). 
46. Examine a permanent mount of .Paramecium in fission. (22: .30). 
47• Examine a permanent mount of Paramecia conjugating. (22:31). 
48. Take tho quiz on Protozoa; correct quiz in class. 
49• Listen to panel discussion "What We As Individual Citiz~ns 
Can Do To Prevent the Spread of Disease." 
50. Listen to special reports of class members. 
51. Take final test Part ! 
52. Take final test Part B 
53. 
54. 
Write a composition tell~g about one of man's uses of or 
battles against microorganisms. 
Fill out an inquiry form answering the following questions: 
a. What did you like most in the unit? 
b. What did you like least? 
c. List things that you disliked. 
d. What did you find easiest? 
e. What did you find most difficult? 
f. What did you find most interesting? 
g. What did you find most uninteresting? 
h. What did you find most useful·? 
i. What did you find most useless? 
Answer all of the above questions truthfully. This item 
will not count toward your mark. The information which 
you give will be used in trying to improve the unit. 
IV. Additional Activities for Enrichment and 
to Provide for Individual Differences. 
A· Speak with your art teacher about this unit to see if he 
or she would work with you on the painting or drawing of 
microscopic plants as a means of appreciating their 
beauty as well as their biological significance. 
B. Speak with your cooking teacher about this unit. If you 
are doing canning now, you will find facts which you are 
learning about bacteria of great value to you. Consider 
the following topics: 
1. A comparison of the Values of the Cold Pack method 
and the Open Kettle method of Home Canning 
2. How to Freeze Cooked or Prepared Foods 
3· Home Dehydration of Vegetables 
4. Botulism and. Home Canning 
5· Causes and Prevention of Failures in Home Canning 
6. Making Fermented Pickles 
7. Preservation of Vegetables by Salting or Brining 
8. Home Preservation of Fishery Products 
c. Speak with your hygiene teacher to see if he or she would 
care to discuss either of the following topics at this 
time. 
1. The Prevention of Athlete's Foot 
2. Consideration for others in the Locker Room and in 
Public Lavatories. 
D. Girls; try embroidering designs of microorganisms such as 
diatoms or algae on aprons, luncheon cloths or hand towels. 
E. Speak with your English teacher about using a topic relat-
ing to microbiology for a book report or for an oral or 
written composition. 
F. Speak with your modern language teacher about translating 
any of the articles which appear in foreign journals relat-
ing to bacteriology. 
G. Written and Oral Reports 
1. Read any of the following bulletins from the 
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-University of Mas sachusetts Extension Service, which 
are on file in the classroom library, and make an oral 
report to the biology class or hand in a written r~port 
to your teacher: 
a. Clean Milk Production 
b. Eradicating Tuberculosis from Poultry and Cows 
c. Septic Tank Studies 
d. Botulism in Home Canning 
e. Control of Dutch Elm Disease 
f. Control of Grape Disease 
g. Some Common Disinfectants 
h. Preventing and Removing Mildew 
i. Fowl Typhoid 
j. Infectious Bronchitis (Poultry) 
k. Diseases and Parasites of Poultry 
1. Control of Some Soil-Borne Diseases of Plants by 
Fungicides Applied to the Soil 
m. Mushroom Culture 
n. Late Blight in Tomatoes and Potatoes 
o. Bacterial W"ilt of Corn 
p. Bacteria and Rural Water Supplies · 
q. Cucurbit Diseases 
2. If you have found an interesting newspaper or magazine 
article on some branch of microscopic life, see your 
teacher about making an oral or written report on it. 
3· Prepare a list of materials on microscopic life which 
are published by the Government Printing Office. Write 
to the Superintendent of Documents, Wal:3h1ngton, D. c. 
4. Read Microbe Hunters by Paul DeKruif. Write a review 
of the Book. 
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~· Prepare a report on the relation of algae to aquatic 
life. 
6. Write a paper on the measures your local, state, and, 
federal governments have taken to insure the good 
health of your community. 
7• Write a paper on the economic importance of algae, 
fungi, bacteria, and protozoans. Use classroom refer-
ence books. 
8. Make an oral report to tho class on antibiotics. Be 
sure to mention which bacteria penicillin will not ef-
fect and the dangers as well as the benefit-s which are 
involved in the use of it. You may do the same for 
any other antibiotics in which you are interested. 
9· Prepare a written or oral report on the use of bacteria 
in any industry in which you are particularly interested. 
10. Write a report on the contributions of Hooke, Schleiden, 
and Schwann to biology. 
H. Exhibits and Charts 
1. After consulting several reading references, prepare 
a chart for the bulletin board illustrating various 
types of cells found in plants and animals. 
2. Prepare a chart which will illustrate the life cycle 
of the wheat rust. 
3· Prepare a chart which will illustrate the life cycle 
of the white pine blister. 
4. After consulting several reading references, construct 
a chart comparing structures of the four classes of 
protozoa. 
5· Prepare a chart illustrating various adaptations in 
microscopic plants and animals. 
6. Prepare a chart comparing conjugation in Spirogyra and 
Paramecium. 
7• Prepare a chart for the bulletin board illustrating the 
different groups of bacteria. 
8. Prepare a chart illustrating the life cycle of the spo-
rozoan which causes malaria. 
9· Prepare a chart illustrating the protozoans which 
cause disease in man. 
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10. ·Pre pare a chart showing the most common algae which 
which you have found in your vicinity. 
11. Prepare a chart showing the difference between a cell, 
a tissue, an organ, and a system. 
12. Prepare a chart comparing the structures and activity 
of Amoeba and Paramecium. 
Prepare a chart of common communicable diseases. In 
four columns list (a) the portal of entry, (b) method 
of transmission, (c) methods of obtaining immunity, 
and (d) methods of control. 
Prepare a chart showing the number of the generation 
and the number of bacteria produced in each generation 
for ten generations. Start with one cell and assume 
that cell division occurs every thirty minutes. 
15. Make posters showing three different ways in which 
pathogenic bacteria are spread. 
16. Draw a graph indicating the mortality rate from tuber-
culosis or diphtheria since 1900. List as many factors 
as you can which may account for what you find. 
l'f. Draw a graph indicating the morbidity rate's of any dis-
eases in which you are interested. List as many factors 
as you can which may account for what you find. 
I. Experiments 
1. Obtain a living house fly. Allow the fly to walk 
across an agar surface. Cover the culture plate and 
keep at room temperature for four days. Examine the 
culture plate for the presence of bacteria. 
2. On three culture plates, place material scratched from 
beneath the fingernails, Treat the plates as follows: 
Plate A: no treatment (control) 
Plate B: immerse in 70% alcohol for 10 minutes 
Plate C: immerse in 10~ formalin for 10 minutes. 
Cover the three plates and allow them to stand at room 
temperature for four days. ExamL"Yle them for the pre-
sence of bacteria and explain the results. 
3· Prepare a hay infusion culture of Paramecium. 
4. Prepare a culture of Amoeba for class study. 
5. Try growing plants in nutrient culture media from 
seeds of microscopic size. Example: orchid seeds. 
6. Grow fresh-water algae in the laboratory. 
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7. Isolate, culture, and observe some typical varieties 
of molds. 
8 . Prepare microscope slides of such simple objects as 
silk, hairs from different animals, scales of snakes 
or fish, mouth parts of different insects, etc. The 
leg s of the honey bee have many interesting struc-
tures. 
9· Imbed hairs from different animals, scales of snakes 
or fish, and mouth parts of different insects in plastic. 
10. Make six bacterial contact plates from six different 
sources, charting sources, time of incubation, and de-
gree of growth. 
11. Prepare a yeast culture for use in class study. 
12. Prepare a bean infusion for use in class study. 
13. Prepare a culture of Euglena for class study. 
14. Fill each of five test tubes half full of clear fruit 
juice which has been half diluted with water. Inocu-
late with molds of bread, fruit, meat, and cheese. 
Label each tube. The fifth tube is the control. Plug 
the tubes with cotton and keep them in a dark place. 
Examine tubes from day to day and carefully record 
your results. 
15. If you are especially interested in the fascinatingly 
beautiful forests of molds, you may wish to grow them 
in a wide variety of culture media. 
J. Demonstrations 
1. Collect a variety of algae from ponds, streams, and 
the seashore of your vicinity; preserve in five per 
cent formalin solution. Consult the card for books 
on alg ae and identify as many of your specimens as 
you can. 
2. Locate masses of Spirogyra in a pool and take samples 
through early and late fall. Try to find some conju-
gating specimens. They will probably be black because 
of the zygospores in the cells. 
3· Collect some mushrooms, puffballs, and bracket fungi. 
Preserve the fleshy forms in formalin solution or al-
cohol. Bracket fungi do not need to be preserved. 
4. Collect samples of corn smut, wheat rust, and leaves 
infected with wilt. Pass your specimens around the 
clas s . 
K. Trips 
1. Visit your local water purification plant. Learn what 
methods are used to destroy algae and keep drinking 
water pure. Report to your class. 
2. Go on a hike with your friends. Collect in separate, 
labelled bottles, samples of water from streams or 
stagnant pools which you find on your way. Include 
some decaying leaves, sticks, and even mud from the 
bottom of the pool and some of the green algae on the 
surface of the water. Bring your samples in to be 
used by members of the class. 
3· Visit a local mushroom farm to learn how mushrooms are 
grown; report to the class. 
4. Organize a group to visit a local milk plant to see 
what is done with the milk from the time it arrives at 
the plant until it is ready for delivery. Report to 
your class. 
5· Go to the milk inspector's office at the city health 
department and find out what measures are being taken 
to insure a continuous, healthful supply of milk. 
6. Arrange a group to visit with the city bacteriologist 
to learn what measures are taken by your city to iden-
tify and control epidemics. 
v. Evaluative Activities 
A. The following test is to be given as a pre-test and final 
examination. Each pupil 1 s educative growth is to be determined 
and pupils are to be graded on a normal curve. 
Part A 
Directions.-- On your answer sheet, mark the letter which ap-
pears before the correct answer to each question. 
Item 1 l/ 
1. What is the unit of structure of plants and animals called? 
a. tissue 
b. cell 
c. org anism 
d. organ 
2. What is the living material of all cells? 
a. water 
b. inclusions 
c. chlorophyll 
d. protoplasm 
3. What enables plant cells to stand erect? 
a. protoplasm 
b. cellulose 
c. keratin 
d. chloroplasts 
4. The cells of which organism never secrete a cellulose wall? 
a. none 
b. Spirogyra 
c • Paramecium 
d. moss 
5· ~ hat is the function of the plasma membrane? 
a. it allows the passage of materials into and out of the 
living cytoplasm 
b . support 
c. manufacture of protoplasm 
d. it separates nucleoplasm from cytoplasm 
l/ Item 1 refers to the item on the delimitation which the 
test items 1-9 are intended to measure. 
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(6-9) On your answer sheet, mark the letter which appears be-
fore the name· of each part of the cell which is numbered 
in the diagram~·--~---------
.,.r : _.... .. ... • •• ·- "' ~ ... 
- .. - .... _ .. 
6 
7 
----~------~~. 
8 
0 
" 9 
Item 2. 
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~ ....... . 
' .. ~ .. . 
J .. ~ 
. 
. 
a. pyrenoid 
b. vacuole 
c. nucleus 
d. nucleoplasm 
e. nucleolus 
r·. cytoplasm 
10. Which structure controls most of the activities of the cell ? 
a. nucleus 
b. plasma membrane 
c. vacuole 
d . chloroplasts 
11. What are the bearers of heredity called? 
a. nucleoli 
b. chromosomes 
c. chloroplasts 
d. inclusions 
Item 3. 
12. What substance enables algae to manufacture their own food? 
a. cellulose 
b. chlorophyll 
c. starch 
d. protoplasm 
13. What are the living bodies which contain chlorophyll called? 
a. vacuoles 
b. inclusions 
c. chloroplasts 
d. pyrenoids 
27. 
Item 4· 
J.4. Which green plants are the simplest? 
a. · ferns 
b. grass 
c. mosses 
d. algae 
15. 1i¥hat are the principle charactistics of Thallophytes? 
a. lack of roots, stems, and leaves 
b. lack of chlorophyll 
c. unicellular and form spores 
d . presence of chlorophyll 
16. Which answer best describes the size of algae? 
a. all microscopic 
b. microscopic to several hundred feet 
c. ultramicroscopic 
d . uniform 
17. Which .answer best describes the habitat of algae ? 
a. f resh and salt water 
b. trunks of trees 
c. rocks 
d. ocean 
18. How do all algae reproduce ? 
a. ·conjugation 
b. fission 
c. budding 
d. spores 
19. Which answer best describes the value of algae '? 
a. a source of food and oxygen for fish 
b. produce a valuable dye 
c. of great interest to naturalists 
d. food for man 
Item 5. 
(20-25) On your answer sheet, mark the letter which appears 
before the word or words in Column B which match the words 
in the item in Column A. 
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Column A Column B 
20. yields a valuable antibiotic 
a. Penicillium notatum(mold) 
21. the source of agar-agar 
22. used in the baking and 
alcohol industries 
23. produce the drug, streptomycin 
24. yields a valuable dye, litmus 
25. food for man 
Item 6. 
b. diatoms 
c. soil bacteria 
d. algae 
e. yeast 
f. lichens 
g. mushrooms 
h. decay, denitrifying, and 
nitrogen-fixing bacteria 
i. staphylococcus 
26. How can man control molds which destroy food, wood, leather, 
or other articles? 
a. keep articles in a cool, moist place 
b. keep articles in a room with an abundance of fresh air 
c. keep articles covered and as dry as possible 
d. store articles in a warm, dark place 
27. Why must the housewife frequently check articles for mold? 
a. molds form microscopic spores which are ready to grow 
when conditions are favorable 
b. molds cause serious infectious diseases 
c. if molds are present, one can be sure that dangerous 
bacteria are also present 
d. molds attract rats 
28. Vlhich is the best method of controlling rusts and smuts? 
a. spraying crops with arsenate of . lead 
b. cleaning up fields and burning infected parts in the fall 
c. keep crops well watered 
d. spray with DDT every two weeks 
29. How can man control the blight which damages tomato crops? 
a. spray crops with chemicals at regular intervals 
b. rotate crops 
c. avoid using manure 
d. avoid watering crops too heavily 
30. Which fungus is rapidly killing our Elm, Oak, and Maple 
trees? 
a. yeast 
b • Wilt 
c. bacteria 
a. bracket fungi 
31. Why does man find the control of Dutch Elm disease so 
difficult? 
a. no method of control has been found 
b. the organism which causes the disease has an inter-
mediate host which cannot be destroyed 
c. the cost of control is tremendous and citizens do not 
cooperate as well as they might 
d. every method of control which has been found kills birds 
which are man's friends 
32. Which chemical is used for treating water which is contam-
inated with algae? 
a. fluorine 
b. copper sulfate 
c. chlorine 
d. aluminum sulfate 
Item 7 
(33-37) On your answer sheet, mark the letter before the or-
ganism in Column B which is described b y the words in 
Column A. 
Column A 
33· An alga which lives on 
trunks of trees 
34. An alga which has de-
veloped an adaptation for 
floating in the water 
35· An alga which first ex-
hibits differentiation 
of cells 
36. A fresh-water, colonial 
organism which exhibits 
division of labor among 
cells 
37· An organism which has char-
acteristics of both plant 
and animal kingdoms 
Column B 
a. Nostoc 
b. diatom 
c. none 
d. Oscillatoria 
e. Euglena 
f. Volvox 
g. Pleurococcus 
h. Amoeba 
3€. What is the function of cilia and flagella? 
a. locomotion 
b. reproduction 
c. a:s s imilat ion 
d. excretion 
39· How do all algae reproduce? 
a. conjugation 
b. fission 
c. budding 
d. spores 
Part B 
Item 7. 
(1-7) On your answer sheet, mark the letter which appears 
before the method of reproduction in Column B which is 
exhibited by the organism in Column A. Use words in 
Column B as many times as is necessary. 
Column A 
1. Mushrooms, bracket fungi, 
molds, rusts, and smuts 
2. Spirogyra 
3. yeast 
Column B 
a. conjugation 
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L~. Tetanus bacillus b. fission and conjugation c • c e 11 d i vis ion ( f is s ion ) 
d. budding 
5· Paramecium e. fission and spores 
6. Amoeba 
f. spores only 
7. bacteria 
Item 8. 
8. How may wheat rust be controlled? 
a. by eradicating the wild barberry 
b. by spraying crops with copper compounds 
c. by spraying crops with lead arsenate 
d. by keeping fields well irrig ated 
9. If all mosquitoes were destroyed, which disease would 
become extinct? 
a. tuberculosis 
b. malaria 
c. diabetes 
d. Rocky Mountain spotted fever 
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10. How is sleeping sickness which is caused by a protozoan) 
called Trypa.nosoma~ spread? 
a. by kissing 
b. b y the tsetse fly, an African insect 
c. b y unpasteurized milk 
d. by allowing subway trains to be overcrowded 
Item 9. 
11. 1Nhich word best describes the habitat of bacteria? 
a. everywhere 
b. soil 
c. air 
d. intestines 
12. What are bacteria which live only in the presence of free 
oxyg en called? 
a. an~~robic 
b • pathogenic 
c. aerobic 
d. saprophytic 
13. What are bacteria which live only in the absence of free 
oxyg en called? 
a. anaerobic 
b. pat hogenic 
c. aerobic 
d. saprophytic 
Item 10. 
14· Which word best describes most bacteria? 
a. pathogenic 
b. helpful 
c. harmless 
d . parasitic 
Item 11. 
15. Which conditions are ideal for the growth of most bacteria? 
a. dryness and sunlight 
b. very high temperature 
c. very low temperature 
d. warmth, moisture, and darkness 
16. How do some bacteria survive long periods of unfavorable 
conditions:? 
a. by finding another host 
b. by producing spores 
c. by vegetative growth 
d. they cannot' survive 
Item 12. 
17. , hat organisms are useful in such industries as the making 
of linen threads, the tobacco, and tanning industries? 
a. certain bacteria 
b. yeast 
c. lichens 
d. protozoans 
Item 13. 
18. Which of the following is (are) the most important in 
maintaining soil fertility? 
a. sunlight 
b. decay, denitrifying, and nitrogen-fixing bacteria 
c. liquid fertilizers 
d. lime 
Item 14. 
19. Y{hat organisms are necessary Ln the digestive process of 
animals? 
a. Amoeba 
b. Protozoa 
c. yeast 
d. certain bacteria 
Item 15 • 
20. Which organism causes he tan us (lockjaw) 
a. a spore-forming, flagellate type of bacillus 
b. staphylococcus 
c. a spirochete 
d. a Sporozoan 
21. How may a permanent, active immunity to tetanus be estab-
lished~ 
a. by watching carefully for rusty nails 
b. by inoculating a specific toxoid into the bloodstream 
c. by taking penicillin regularly 
d. it is impossible to establish immunity to t 'etanus 
Item 16. 
22. What are vaccines and serums? 
a. biological products used in the treatment of disease 
b. antibiotics used in the treatment of disease 
c. chemicals used in the treatment of disease 
d. bacteriophages 
23. What do vaccines do in the system? 
a. kill all germs 
b. stimulate the production of blood antibodies 
c. give passive, temporary immunity to a specific disease 
d. relieve the pain of a disease 
24. Why is diphtheria becoming a rather rare disease in our 
country ? 
a. we are the best fed nation in the world 
b. it is becoming routine to g ive toxoid immunization to 
all school children 
c. more attention is being given to mental health which 
plays so important a role in disease 
d. many antibiotics have been discovered 
25. How can one tell if he is immune to diphtheria? 
a. he will never know until he contacts the disease 
b. take the Schick test 
c. take the basal metabolism test 
d. take the Hinton test 
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26. Why have attempts to control the common cold by means of 
stock vaccines been unsatisfactory? 
a. the cost is too great 
b. people do not consider the cold serious enough to 
bother with 
c. colds are not caused by any one organism and it is dif-
ficult to isolate and classify specific cold organisms 
d. antihistamines are becoming 11 cure-alls" 
27. Which group has been successfully controlled by means of 
vaccines and serums? 
a. malaria, sleeping sickness, typhoid fever, and syphilis 
b. smallpox, diphtheria, whooping cough, tetanus, and typhoid 
c. amoebic dysentary, malaria, tuberculosis, and syphilis 
d. scarlet fever, infantile paralysis, and cerebral palsy 
28. How will infantile paralysis probably be controlled before 
long? 
a. it is absurd to think that such a disease will be controlled 
b. by means of psychotherapy 
c. by means of physiotherapy 
d. by means of vaccines and serums 
Item 17 • 
29. Which answer best describes the diseases against which 
penicillin is highly effective? 
a. bone infection, pneumonia, scarlet fever, streptococcus 
throat, and streptococcus blood poisoning 
b. all dis eases 
c. tuberculosis, whooping cough, common cold, and influenza 
d. colon bacillus infections, tetanus, and whooping cough 
30. Are there e.ny dangers involved in the use of penicillin? 
a. Penicillin is perfectly safe. 
b. :panic illin must never be used in any form unless re-
commended by a physician. 
c. Penicillin always leaves a person with serious after 
effects. 
d. It is too early to know if there are any dangers. 
31. Which of the following statements is correct? 
a. Streptomycin is a valuable vaccine. 
b. Streptomycin is very effective in the treatment of 
common colds. 
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c. Streptomycin is an antibiotic which is of value in some 
cases where penicillin is ineffective. 
d. Streptomycin is of value in the treatment of tetanus. 
Item 18. 
32. If a can of food is bulged at the ends, what should you do? 
a. Boil the contents to render the food safe. 
b. Throw the can away. 
c. Smell the contents and if there is no odor, use the food. 
d. Eat the .food since the bulging 'of the can means nothing. 
33· If when eating in a restaurant, you are served a piece of 
lemon or custard pie which tastes odd, what should you do? 
a. Eat the pie as you would be considered impolite if you 
do not. · 
b. Assume that everybody ha s his own ideas about making pie. 
c. Do not eat the pie, but speak to the waitress about it 
in a courteous manner. 
d. Put the manager in his place, for the pie must be very 
old if it does not taste right, 
34. Which organism which causes food spoilage may be controlled 
by canning, cold s:torage, or drying? 
a. bacteria 
b. molds 
c. protozoa 
d. anaerobes 
Item 19. 
35. Which of the following is not a natural defense against 
germs? ---
a. the hydrochloric acid of gastric juice, bile, and wastes 
of bacteria in the intestines 
b. white corpuscles and antibodies of blood plasma. 
c. germicides which contain creosote 
d . skin, hairs of the nose, and mucous membranes 
Item 20. 
36. Which of the following describes a person who has a chest 
X-ray? 
a. neurotic 
b . superstitious 
c. g ood citizen 
d . hypochondriac 
37· If you have a bad cold , what should you do? 
a. Go to school and show t hat you are not too "soft" to 
be annoyed by such trivial thing s. 
b. Stay home and g et plenty of rest until your symptoms 
are relieved. 
c. Take a heavy dose of antihistamines. 
d . Go to your doctor immediately . and tell him to g ive 
you a prescription for penicill in. 
38 . Why should you try to keep your hands away from your face 
as much as possible ? 
a. to show that you have poise 
b. because many of the worst disease germs enter the body 
by way of the nose and mouth 
c. because t he spores of Tetanus bacillus are commonly 
present on the hands 
d . to avoid getting diabetes 
39· If you have a severe sore throat and headache, what should 
you do? 
a. Call a doctor immediately 
b. Wait about a week before callL'Ylg the doctor as the symp-
toms may disappear soon and the~ is nothing to get ex-
cited about. 
c. Do not worry , for many symptoms are merely an expression 
of some emotional upset. 
d . Drink plenty of fruit juices and take aspirins. 
Item 21. 
40. What organisms produce diseases such as sleeping sickness, 
syphilis, and malaria ? 
a. bacteria 
b . protozoa 
c. sac fung i 
d. Porifera 
41. ;,hat are one-celled organisms which belong to the animal 
kingdom called? 
a. there are none 
b. metazoa 
c. Pleurococci 
d. protozoa 
42. Which animal is the simplest? 
a . .. ~moeba 
b. Paramecium 
c. Stentor 
d. Euglena 
43. Which animal is the most complex? 
a. Amoeba 
b. Paramecium 
c. Eug lena 
d. Volvox 
44. What i s the most important economic significance of 
Protozoa? 
a. disease 
b. food for fish 
c. production of antibiotics 
d. production of agar-agar 
Item 22. 
45· How may milk be freed of most dang erous bacteria? 
a. homogenization 
b. pasteurization 
c. evaporation 
d. fortifying with Vitamin D 
46. Whom does the board of health hire to check the local 
water, milk, and food supplies ? 
a. patholog ist 
b. school physician 
c. bacteriologist 
d. supervisor of public health nurses 
47. To whom does the problem of garbag e and sewage disposal 
belong? 
a . the board of health 
b . the , hig'h\IIJ ay department 
c. everybody 
d. plu.mbers 
48. What is the most important measure which the physician 
takes when he learns that his patient bas a communicable 
disease? 
a. inoculation of vaccine 
b. quarantine of patient 
c. administration of drugs 
d. administration of antihistamines 
B. The following quizzes are to be given at regular inter-
vals. The primary purpose of the quizzes is th enable the 
teacher to check on his ability to get important ideas across 
to pupils and to identify pupils who need additional help or 
individual attention. Quizzes should not count much toward 
the final grade unless they are to the pupils advantage. 
Quiz 1. The Cell 
Complete the following sentences: 
1. The cell is the unit of 
of plants and animals. 
2. The living material of all cells is 
3· Most plant cells secrete a wall of 
and 
----------------
4. The . controls the passage 
of materials irito and out of the living cytoplasm. 
5. Chlorophyll is contained in living bodies called 
---·----
6. The spherical, dense, protoplasmic mass which is frequently 
near the center of the cell is called the • 
7· The 
cell. ----------------
controls most of the activities of the 
8. The dense form of protoplasm which lies within the nuclear 
membrane is called • 
9· The , a small found body concerned with cell 
division, lies within the nucleus. 
• 
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10. Cell sap is contained in 
11. The bearers of hereditary characteristics are called 
Quiz 2. Algae 
1. List the principle characteristics of Thallophytes. 
)2. Name the alga which is commonly found on trunks of trees 
in damp weather. 
3· Name the substance which enables algae to manufacture 
their own food. 
L~. In what two ways are algae of importance to fish? 
5· Describe Volvox briefly. 
6. Describe briefly the process by which Spirogyra repro-
duces when weather conditions are unfavorable for vege-
tative reproduction. 
7• Name the substance which is used for treating water which 
is contaminated with algae. 
8. Why is Euglena especially interesting to the biologist~ 
Quiz 3. F'ungi 
1. Why must fungi live in association with a host? 
2. What are fung i whose hosts are living called? 
3. What are fungi whose hosts are non-living called? 
4. Make two columns. Label one "Destructive Fungi" and 
label the other "Valuable Fungi." The following words 
are to be placed under the proper heading,some may be-
long under both headings); mushrooms, molds, bacteria, 
yeasts, mildew, rusts, smuts, and blight-causing organ-
isms. 
5· How do mushrooms, bracket fung i, molds, rusts, and smuts 
reproduce ? 
6. From what source is penicillin obtained '? 
7• What is a lichen? 
8 . Draw diag rams of the following : cocci, bacilli, and 
spirilla. 
9· What causes lockjaw? Row may immunity to lockjaw be estaB-
lished ? 
10. What i s peculiar about anaerobic bacteria? 
11. Row do g ood citizens try to prevent the spread of disease ? 
Quiz 4. Protozoa 
1. Compare Amoeba and Paramecium in t h e following respects: 
form, outer wall, locomotion, speed, food .g etting, repro-
duction, oxidation, excretion, and sensation. 
2. What d iseases in man are caused by Protozoans~ 
3· How i s malaria spread? 
4. What is the most important economic significance of pro-
t o zoa? 
e. Consider carefully all laboratory work done b y the pupils. 
A final g rade is to be g iven on the notebook which should count 
considerably toward the final g rade in the unit • 
. D. Pupils who have done optional activities which are worthy 
of recognition should receive a bonus of from five to ten 
points toward their final grades in the unit. 
VI. Additional Points of Strateg y in Handling the Unit 
A. Speak to teachers of art, cooking , En g lish, foreign lan-
g uag es, hyg iene, and social studies to see how much integra-
tion is possible. 
B. rite to the Society of American Bacteriologists, 
Committee on Materials for Visual Instruction in Microbiology, 
University of Pennsylvania, School of Mea ic ine, Philadelphia, 4J 
for the list of films which are extremely helpful in teaching . 
VII. Supplemantary Reference Materials 
1. Baker, A. 0., L. H. Miller, and W. L. Connor, Dynamic Bio-
logy Today. Rand McNally and Company, New York, 1943. 
2. Benedict, R. C., W. W. . Know, and Stone, Life Science. The 
MacMillan Company , New York, 1941. 
3· Bush, G. L., A. Dickie, and R. C. Runkle, A Biology of Fam-
iliar Things. American Book Company, New York, 1952. 
4. Curtis, F. D., 0. W. Caldwell, and N.H. Sherman, Everyday 
Biology . Ginn and Company, Boston, 1940. 
5· Curtis, F. D., and Urban, Biology in Daily Life. Ginn and 
Company, Boston, 1952. 
6. Fitzpatrick, F. L., and R. E. Horton, Biology. Houghton 
Mifflin Company, Boston, 1940. 
7• Fitzpatrick, F. L., and T. D. Bain, Living Things. Henry 
Holt and Company, New York, 1953· 
8 . Grant, Cady, and Neal, High-School Biology. McGraw Hill 
Book Company, New York, 1952. 
9· Harbaugh, M. J. and A. L. Goodrich, Fundamentals of Biology 
Blakiston Company, Philadelphia, 1953. 
10. Hunter, G. W., and F. R. Hunter, Biology in Our Lives. 
American Book Company, New York. 
11. Hunter, G. W ., Life Science. American Book Company, New 
York , 1941. 
12. Hunter, G. W., Problems in Biology. American Book Company, 
New York, 1940. 
13. Kroeber, E, and Vi . H. Wolff, Adventures lN.ith Living Things. 
D. C. Heath and Company, New York, 1948. 
14. Kroeber, E ., and W. H. Wolff, Adventures WithAnimals and 
Plants. D. C. Heath and Company, New York, 1953. 
15. Meier, w-. H. D., and L. M. Shoemaker, Essentials of Biology. 
Ginn and Company, Boston, 1944. 
16. Moon, T. J., P. B. Mann, and J. H. Otto, Modern Biology. 
Henry Holt and Company, New York, 1951. 
17. Ritchie, J. W., Biolo~y and Human Affairs. 
Company, New Yor , 1941. World Book 
18 . Wheat, F . M., and E . T. F itzpatrick, General Biology. 
American Book Company, New York. 
19. Library Card Catalogue. 
20. Reader's Guide to Periodical Literature, Public Library. 
21. 11 Turtox Service Leaflets". General Biological Supply House, 
761-763 East 69th Place, Chicago 37, Illinois. 
22. 11 Labor a tory Guide for Microscopic Life." 
23. "Reading Guide for Microscopic Life." 
APPENDICES 
43-
General Study and Activity Guide for Microscopic Life 
The completion of each of the following activities is 
necessary in order to satisfy the minimum requirements in the 
unit. A special study guide,which you may keep along with this 
general study guide, will be provided for your reading, most of 
which you will do as homework. Although specific pag es will not 
be assigned from day to day, your laboratory work will be more 
meaningful if you keep reading ahead on subjects which are to 
be observed on the following day. 
At the beginning of each laboratory period, you will be 
given a special study guide for laboratory work. You are to 
leave the study guide in the classroom, as it will be needed for 
other classes. As soon as you complete each laboratory item, 
have your teacher check your notebook before you proceed to the 
next activity. Since each activity will be described in detail 
in the laboratory guide, only a brief description will be given 
here. 
1. Take Pretest Part A on microscopic life. 
2. Take Pretest Part B 
3· View projected pictures illustrating different microorganisms 
and participate in class discussion about them. 
4. Vote for a chairman who will be in charge of the program on 
da:y s when pupils who have done optional related activities 
will share their experiences with members of the class. 
It will be the responsibility of the chairman to see that 
pupils who have volunteered to grow cultures, which are to 
be used for class study, have their materials ready at the 
time when the y are needed. 
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Your teacher will be glad to offer suggestions and attempt to 
answer questions, but the amount of educational value which 
you receive from this unit will depend primarily upon the a-
mount of teamwork which you can show as a class. 
5· Read about the plant and animal cell. (23:A,l-13). 
6. Practice using the microscope for an entire period. (22:1). 
7· Observe the film, 11 Cells and Their Functions", and discuss 
the film in class. 
8 . Prepare a slide and make a labelled drawing of the skin of 
a lily bulb. (22:2). 
9· Prepare a slide and make a labelled drawing of onion skin. 
(22:3). 
10. Mount a thin slice of potato, stain it with iodine, and 
record the results. (22:5). 
11. prepare a slide of a petunia leaf and make a labelled 
drawing. { 22:4) • 
12. Examine a thin section of cork under high power. Relate 
what you see to Hooke's discovery of cells. (22:6). 
13. Take the quiz on cells ~ and correct it in class. 
14. Read about blue-green algae. (23:B,l-18). 
15. Observe the film, 11 Life in a Drop of Water", and discuss 
it in class. 
16. Prepare a slide using a drop of pond water . and study it 
under the microscope. (22: Cl ). 
17. Prepare a slide using a drop of sea water . and study it 
under the microscope. (22:9). 
18. Mount a few filaments of the algae of pond scum , and study 
them with the aid of the microscope. (22:10). 
19. Observe the behavior of Oscillatoria in a culture dish, and 
observe a filament under the microscope. (22:11). 
20. Observe a filament of Nostoc under the high-power objective 
of the microscope. ( 22: 12). 
21. Read about green algae. (23: B,l-18 ). 
22. Prepare a slide of Protococcus(Pleurococcus) and observe 
under the microscope. ( 22: 13). 
23. Prepare a slide of cultured Euglena and observe it under 
the microscope. ( 22: 14). 
24. Examine a slide bearing Volvox colonies under the low-
power objective and make a labelled sketch. (22:15). 
25. Prepare a slide of Spirogyra and examine it under high 
power. ( 22: 16). 
26. Examine a prepared slide of Spirogyra conjugating. (22:1?). 
27. Prepare a slide of lichen and examine it under low power. 
( 22: 18). 
28. Take the quiz on algae and correct it in class. 
29. Read about fungi. {23:C,l-31). 
30. View the film, "Growth of Bacteria, Yeasts, and Molds." 
Discuss the film in class. 
31. Observe moldy bread with the hand lens and with the micro-
scope. (22:19). 
32. Examine some budding yeast cells under the microscope. 
(22:20). 
33. Examine the spores of wheat rust on a mature, infected 
wheat plant. ( 22:21). 
34· Write a carefully worded summary of any article on fung±::: 
in which you are interested that has appeared in the liter-
ature within the past year. Try to use less than two hun-
dred words. (20). 
35· Examine a specimen showing corn smut. (22:22). 
36. Prepare and examine a slide using a drop of bean infusion. 
(22:23). 
37· Prepare a slide using a drop of bean infusion and stain it 
with methylene blue. (22:23). 
38. Observe colonies of bacteria seen on a streak plate, con-
tact plate, an d exposure plate. (22:25). 
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39· Examine permanent mounts of several types and groups of 
bacteria including cocci, bacilli, and spirilla. (22:26). 
40. View the film, 11 The Action of Bacteriophage on Typhoid 
Bacilli." Discuss the film in class. 
41. Take the quiz on fungi and correct it ' in class. 
42. Prepare a slide of epithelial cells lining. the mouth. 
Study the cells under high power. (22:27). 
43. Read about microscopic animals. ( 23 :D, 1-6). 
44. Prepare and examine a slide of Amoeba culture. (22:28). 
45· Prepare and examine a slide of Paramecia. (22:29). 
46. Examine a permanent mount of Paramecium in fission. (22:30). 
47· Examine a permanent mount of Paramecia conjUgating. (22:31). 
48. Take the quiz on protozoa and correct it in class. 
49. Listen to the panel discussion, "W.hat We As Individual 
Citizens Can Do to Prevent the Spread of Disease • 11 
50. Listen to special reports of class members. 
51. Take final test Part A 
52. Take final test Part B 
53· Write a composition telling about one of man's uses of or 
battles against microorganisms. 
54. Pass in a paper on which you have answered the following 
questions' 
a. What did you like most in the unit? 
b. What did you like least? 
c. List thing s that you disliked 
d. What did you find easiest? 
e. What did you find most difficult? 
f. What did you find most interesting ? 
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g. What did you find most uninteresting? 
h. W'hat did you find most useful? 
i. 11'Vhat did you find most use less? 
Answer all of the above questions truthfully. This item 
will not count toward your mark. The information which 
you give will be used in trying to improve the unit. 
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Lab oratory Directions in Microscopic Life 
You will be expected to make a notebook containing a re-
cord of a ll your laboratory work. The notebook will count con-
sidera bly toward the final grade which you will receive in thi s 
unit. It will indicate your abilities in the following a r eas: 
1. F o 11 owing d ir ec t ions 
2. Observing living thing s carefully 
3· Interpreting and recording briefly and accurately 
wh a t is observed 
4. Using the text and other reference books to the 
g re a test advantag e. 
The following rules in reg ard to the use of the microsco pe 
are to be observed carefully: 
1. When carrying the microscope, a l ways support its 
weight from the stage or base. 
2. Never use high power until the object has first been 
f ound under low power. 
3. Never allow water to touch the objectives. ..(\ l wa y s use 
a cover g lass when using high power. 
4. Never allow the objectives to touch the slide. 
5· Keep eyepieces, objectives, and mirror clean at all 
times. 
Required Activities 
1. P lace the microscope in front of you with the mirror facing 
the source of light : Turn the low power objective into 
position. Look through the eyepiece and adjust the mir-
ror so that a good clear illumination is obtained. Learn 
to keep both eyes open so that they will not tire too 
easily. This will require practice. 
Clean a glass slide and cover glass. Cut out a single 
letter from a newspaper, put it on a slide with forceps 
and add a drop of water with a medicine dropper. Lay a 
cover glass on this and try to avoid air bubbles. Place 
the slide on the stage so that the letter is exactly over 
the hole in the stage. Move the slide until the letter is 
in the center of the field. Look in the eyepiece and fo-
cus up very slowly until the letter comes clearly into 
view. Now use the fine adjustment. Continue looking in 
the eyepiece, move the slide slightly with the fingers~ 
and notice that a movement to the left appears as a move-
ment to the right in the field. Move the slide so that 
the letter is in the exact center of the field for examin-
ation under high power. 
Wait until the teacher is present before trying to 
find the object under high power for the first time. 
Revolve the nosepiece until the high power objective is 
in position. You will hear a faint click. Look through 
the objective and focus with the fine adjustment first 
one way and then the other until the object appears sharp. 
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For the remainder of the period, you may make tern-
porary mounts of any of the following: colored threads, 
strands of hair, scrapings from a pencil point. 
2. Vf ith a sharp knife, peel off some of the skin of a lily 
bulb. Mount with a drop of water on a clean glass slide. 
Cover with a cover glass and examine under low power. 
Draw a few cells, turn to high power and make a detailed 
drawing of the cells. Label the cell wall, cytoplasm, va-
cuoles, nucleus, and nucleolus. 
3· TI'Iount a piece of onion skin. Draw a cell under high power. 
The numerous fat droplets are referred to as inclusions. 
4. Mount some hairs of a petunia leaf . • Examine under low 
power . Observe the shapes and comparative sizes of the 
cells. Turn to high power and complete your drawing. 
5· Place a very thin slice of potato on a slide. Place a small 
drop of a weak solution of iodine at the edge of the slide. 
Record your findings in your notebook and consult your 
text for an explanation of what occurred. 
6. Examine a thin section of cork under high power. Relate 
what you see to Hook's discovery of cells. 
7• Mount a living Elodea (water weed) leave on a clean slide. 
Cover with a cover glass. Notice the cytoplasm flowing 
around the outer edge of the cell. Label the chloroplasts, 
nucleus , vacuoles, and cytoplasm in your diagram. 
8. Prepare a slide using a drop of pond water. Sketch as many 
organisms as you can and try to name them by consulting 
classroom reference books. Do not expect that either you 
or your teacher should be able to name all of them as that 
would be a very g reat task for an expert in the field. 
9· Same as item above except that sea water is to be used. 
10. Mount a few filaments of the algae of pond scum on each 
of several slides. Using your text and other reference 
books draw and name all that you can identify. 
11. Observe the creeping motion of Oscillatoria when left un-
disturbed in a culture dish. Re cord in your notebook what 
you see. Draw a single filament and show fragmentation of 
the filament. Notice that there is no definite chloroplast 
or nucleus in the cells and that the g elatinous matrix is 
very thin. 
12. Observe a filament of Nostoc under the high power object-
ive of the microscope. Draw a filament with a: heterocyst, 
the large cell at which point the filament breaks to form 
a new filament. 
13. Scrape some of the green film from the moist bark of a 
tree into a drop of water on a slide. Examine Pleurococcus 
under low and then high power. Notice the spherical cells, 
the cell wall which is composed largely of cellulose, and 
the cytoplasm. Draw a single cell and colonies of two, 
three, and four cells. 
14. Prepare a slide using cultured Euglena. Illustrate the 
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flag ellum , gullet, e y e spot, reservoir, chloroplasts, 
and nucleus. List the structures which Eug lena has in 
common with green p l ants. Make another list of structures 
which Eug lena has which are f ound in animals but not in 
plants. 
15. Exam ine a prepared slid e bearing Vo lvox colonies under 
low power . Observe the spherical areas representing re-
productive c e lls. Make a labelled drawing showing the 
four distinct k inds of cells found in a single colony, 
ciliated vegetative cells, colony-forming cells, sperms, 
and eggs. 
16. Examine Spirogyra under the hig h power objective. Prepar e 
a labelled sketch showing the following structures: 
1. The spiral c h loroplasts in each cell 
2. The pyrenoids, spherical b odies which are concerned 
in the process of starch formati on, and are arranged 
at regular intervals along the chloroplast 
3· The central vacuole of a cell 
4. The nucleus which is held in a central position by 
cytoplasmic strands which radiate to the cyto p l asm 
just within t he cell wall. 
17. Examine a permanent mount of Spirogyra conjugating. Sketch 
and labe l the empty cell, the zygospore, and knobs where 
conjug ation is occurring. 
lB. P lace a small piece of a lichen in a drop of wate r on a 
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slid e. Press the cover glass down firmly on a specimen. 
Examine under low power. Sketch what you see and consult 
your tex t for help i n labelling it. 
19. Observe moldy bread with a hand lens and then with ami-
croscope. Ma k e a s ketch s h owing stolons, rhizoids, and 
sporangia. Examine the sporangia (spore cases) carefully. 
20. Examine some budding yeast cells under the low power and 
then the hig h power objective. Draw a single yeast cell 
and a mother cell bearing a bud. 
21. Examine the spores of wheat rust which are in the 11 black 
stage" in the fall when infected wheat plants are mature. 
These spores infect the common barberry the f ollowing spring. 
22. Examine corn smut and describe it in words in your notebook . 
23. Prepare a slide using a drop of bean infusion. Observe 
under the microscope and draw what you find. 
24. Prepare a slide using a drop of bean infusion. Stain the 
drop with methylene blue. Make labelled sketches. 
25. Observe colonies of bacteria seen on a streak plate, con-
tact plate, and exposure plate. 
26. Examine under the high power objective several types and 
groups of bacteria. Use permanent mounts. Cocci, bacilli, 
and spirilla must be included in your sketches. 
27. S crape the inside of your mouth with a toothpick. Make slides 
of epith elial cells. Add a drop of iodine and record what 
you find. How does this compare with your experiment with 
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the slice of potato? 
28. P lace a drop of Amoeba culture on a clean slide. Cover the 
drop with a cover glass resting on a broken piece of an-
other cover glass and examine under low power. Make six 
small sketches of the Am oeba at intervals of two minutes 
to s h ow its shape and movement. Observe the pseudopodia as 
they a pproach solid particles. Draw arrows to show in which 
direction the animal is moving. Turn to high power and pre-
pare a labelled sketch about three inches in size showing 
the following structures: pseudopodia, ectoplasm, endoplasm, 
contractile vacuole, food vacuoles, and the nucleus. 
29. P lace a drop of hay infusion on a slide. Add two or three 
fibers of absorbent cotton to keep the .Paramecia from 
swimming out of range too rapidly and to support the cover 
g lass so that they will not be crushed. Examine the slide 
under low power. Observe the Paramecia as they encounter 
objects. Describe their movement in your notebook. Hold 
your hand in such a position that it will cut off some 
light from the slide. Observe the hair-like cilia with 
which the animal swims. Notice the food vacuoles, denser 
masses of material with in the protoplasm. Look closely at 
each end of the animal for a clear space that changes in 
size. These are the contractile vacuoles'. 
30. Examine permanent mounts showing fission in Paramecium. 
Make labelled .sketches of the different stages iJ?. the process. 
55. 
31. With the aid of the microscope examine a permanent mount 
of Paramecia conjug ating. Why is the process of conjug-
ation referred to as rejuvenation rather than reproduc-
tion? 
Study Guide for Reading on Microscopic Life 
A. The Cell 
1. What is the unit of structure of plants and animals? 
( 6: 107; 16: 27 } • 
2. 'Nhat is the unit of function of plants and animals? 
( 16:33). 
3· \Vhat is the living material of all cells called? 
(6:414; 16:24-34). 
4. What is the function of cellulose? (6:191; 16:28). 
5. In what kind of cells is celhtlose found? 
( 6: 191; 16 : 2 8) • 
6. w·here is the plasma membrane found? What is its 
function? (16:28). 
7• What are chloroplasts? In what kind of plant cells 
are they found? Are chloroplasts ever found in 
animal cells? ( 6:105; 16:27, 28, 156). 
8. Describe the nucleus of the cell. What is its func-
tion? (6:114-115; 16:27, 28, 29, 176, 609). 
9· What is the function of the nucleolus? Where is it 
found? Is there ever more than one nucleolus in one 
cell? (16:29). . · 
10. Distinguish between cytoplasm and nucleoplasm. In 
what respect are they alike? (6:102; 16:26-29). 
11. What are chromosomes? In what part of the cell are 
they found? (6:359; 16:609-610). 
12. w·hat structures contain the cell sa:p? In what part 
of the cell are they found? (16:29). 
13. What are cilia and flagella ? What is their function ? (6:114, 291; 16:31, 259). 
B. Algae 
1. How complex are alg ae? (6:116; 16:220). 
2. To what phylum do algae belong? (16:220). 
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3· What are the principle characteristics of Thallophytes? 
( 16:220) • 
4. How large are algae? (16:22 0 ). 
5· What is a flagellate? Name two common flagellates. 
(6:365; 16:225). 
6. Account for the fact that algae can manufacture their 
own food. (6:24-25; 16:220). 
7• How do algae reproduce? (6:116-117; 16:223-224). 
8 . \Plhat is the habitat of algae? (6:116; 16:221). 
9· Where is Pleurococcus found? When is it most abun-
dant? (6:116; 16:223). 
10. What is the value of algae to aquatic life ? (16:227). 
11. What harmful effects do algae have in drinking water? 
How can algae in reservoirs be controlled? (16:228). 
12. What adaptation has Oscillatoria developed? (16:222). 
13. In what respect is Nostoc an advance over Oscillatoria? 
( 16:222). 
lL!.• Describe Volvox. In what way is it an advance over 
Oscillatoria and Nostoc? (6:121; 16:222). 
15. Under .what conditions do some algae such as Spiro-
gyra reproduce by conjugation? (6:117; 16:224). 
16. Describe the process of conjugation. (6:117; 16:224). 
17 . In what way do diatoms differ from other one-celled 
algae? ( 16:225). 
18 . What is diatomaceous earth? For what is it used? 
( 16:226). 
C. Fungi 
1. To what phylum do fungi belong ? (16:229). 
2. Why must fung i live in association with a host? 
(16:230). 
3· What are fung i whose hosts are living called? (16 :230). 
4. What are fungi whose hosts are non-living called? ( 16 :230). 
5· Make a list of some valuable fungi. (6:124-126; 
16:231-234). 
6. Make a list of some of the destructive fungi. 
( 16:235-238). 
7· How do mushrooms, bracket fung i, molds, rusts, and 
smuts reproduce? (6:125-126; 16:231-237). 
8. What is a spore ? (6:118-119; 16:221). 
9· From what class of fungus is the valuable antibiotic, 
penicillin obtained? (16:234-235). 
10. Describe the life cycle of wheat rust. How can wheat 
rust be controlled? (16:236-237). 
11. What is the best method of controlling smuts? (16:237). 
12. What type of fungus is rapidly killing our Elm, Oak, 
and Maple trees? (16:687). 
13. In what industry · is yeast especially useful? 
(6:124-125; 16:238). 
14. W!hat is the chem'ical change which yeast brings about 
called? ( 16:238). 
15. How does yeast reproduce? (6:125; 16:238). 
16. What is a lichen? What is the economic importance 
of lichens ? ( 6: 126-127; 16:239). 
17. Are most bacteria harmless or harmful? (16:241-242). 
18. What is the group of bacteria which results from a 
series of cell divisions called? (6:126; 16:243). 
19. What conditions are ideal for the growth of most 
bacteria? . ( 16:245) • · 
20. How do bacteria reproduce? (6:123; 16:243). 
21. Describe bacteria. Where are they found? (6:122; 
16:242-243>· 
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22. How do some types of bacteria survive long periods of 
unfavorable conditions? ( 16; 241-t.). 
23. Name the three groups of bacteria. Name several groups 
of bacteria which represent various arrang ements of 
these three groups. (16:242). · 
24. List some industries in which bacteria are extremely 
useful. (16:248-249). 
25. V. hat types of bacteria are necessary in maintaining 
soil fertility? (16:249-250). 
26. What type of fungus is necessary in the digestive pro-
cess of animals? (6:248). 
27. Describe the organism which causes tetanus (lockjaw). (6:490; 16:245). 
28. How may bacteria which cause food spoilage be controlled? 
(6:477; 16:251). 
29. ~ hat are pathogenic bacteria? (16:242). 
30. Distinguish between aerobic and anaerobic bacteria. (16:245-246). 
31. F rom what source is streptomycin obtained? \i!hat is 
its economic importance? (16:251). 
32. What are vaccines and serums? . (16:579). 
33· \ hat is the purpose of the Schick test? (16:581). 
34· How may smallpox, diphtheria, whoopin~ cough, tetanus, 
and typhoid be controlled? (16:579-5e4, se8). 
35· How may infantile paralysis possibly be controlled in 
the future? (16:5d8). 
36. Which antibiotic is most effective against bone infec-
tion, pneQmonia, scarlet fever, streptococcus throat, 
and streptococcus blood poisoning? (16:591). 
37. \[ hat natural defenses against germs does man have? (6:496). 
D. Protozoa 
1. ' hat is the biological s ignif icanc e of protozoa? ( 16:253). 
2. Name one of the simplest protozoans and one of the 
most complex. ( 6:101, 114; 16:255,258). 
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3· What is the economic importance of protozoa? (6:503; 
16 :261) • 
4. List some of the diseases in man which are caused by 
protozoa. (16:26~). 
5· How does Paramecium reproduce? (6:115; 16:259). 
6. Which organism is referred to as the connecting link 
between the plant and animal kingdoms? For what reason? 
( 16:254-255). 
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Sample Cards from the File of Optional Related Activities 
H. 7 
I· 7 
Prepare a chart for the bulletin 
board illustrating the different 
groups of bacteria. 
Isolate, culture; and observe some 
typical varieties of molds. 
aerobic 
algae 
anaerobic 
antibiotic 
antibody 
antitoxin 
bacteria 
bacteriology 
bud 
cell 
cell membrane 
cellulose 
cell wall 
chloromycet in 
chlorophyll 
chloroplast 
chromosome 
cilia 
conjugation 
contractile vacuole 
culture medium 
cytoplasm 
dis ease 
disease carrier 
Vocabulary 
disease resistant 
division of labor 
droplet infection 
drug 
ectoderm 
ectoplasm 
endoplasm 
endotoxin 
epithelial 
f il trab le virus 
fission 
fungus 
hygiene 
hypha 
immunity 
incubate 
infection 
inoculation 
litmus 
locomotion 
matrix 
membrane 
microorganism 
microscope 
microscopic 
nitrate 
n it r if i ca. t ion 
nitrite 
nitrogen-fixing bacteria 
nuclear membrane 
nucleus 
organism 
parasite 
penicillin 
protoplasm 
protozoa. 
pseudopodia 
ptomaine 
reproduction 
saprophyte 
serum 
spirochete 
spore 
streptomycin 
symbiosis 
toxin 
tOXin-ant it OX in 
toxoid 
tuberculin 
vaccination 
vaccine 
vacuole 
virus 
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Committee on Materials for Visual Instruction in Microbiology 
Dr. Harry E. Morton, Chairman, Dr. M.c. Dodd, Dr. W.H. Ewing, 
Dr. K.R. Johannson, and Dr. J.E. Kempf 
University of Pennsylvania, School of Medicine, Philadelphia 4, Pa. 
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SUBJECT: Microscope, compound 
I 
MATERIAL: Motion picture film. 
TITLE: The compound microscope. 
DESCRIPTION: 16mm 800 ft (1 reel) 
PRODUCTION DATE: 1953 
color sound 
AUTHORS: Script by Stanford L. Sobel, direction by Carl Brose, and technical 
direction by Henry c. Wayne. 
203 
PRODUCER: Produced for Bausch and Lomb Optical Co., Rochester, New York by 
Sturgis-Grant Productions, Inc., 322 East 44th Street, New York 17, 
New York. 
DISTRIBUTOR: Bausch and Lomb Optical Co., Film Distribution Service, Rochester 
2, N.Y. 
TERMS: Available as a loan by paying the return transportation charges. 
ABSTRACT 
The film demonstrates the assemblying, basic principles, and use of a 
modern compound microscope. Monocular and binocular microscopes are shown. 
The pathway of light through the microscope to the retina of the eye is ill-
ustrated and the purposes of the objective and the eye piece are explained. 
In the a.ssemblying of the microscope the function of each major portion of 
the microscope is explained. First shown is the base with the fine adjust-
ment mechanism, followed by the arm, the stage with the mechanical stage 
attachment, the body tube with the course adjustment mechanism, the revolving 
nose piece, the various objectives, the eyepiece, the condenser, the mirror, 
and a lamp. An especially good feature of the film is the illustration of the 
effect of the condenser on the light passing through it. By means of a. block 
of plastic the focusing action of the condenser is shown. · 
By means of split fields the proper focusing is demonstrated with the low 
power lens, the high dry lens, and the oil immersion lens. Adjustment of il-
lumination to produce maximum resolving power and clarity of image is forcefully 
demonstrated. The proper care of the microscope is described and demonstrated. 
REMARKS: The film has been reviewed under the auspices of the Committee on 
Materials for Visual Instruction in Microbiology. It will be found 
helpful in beginning courses of any science wherein the microscope 
is used. Available with the film is a 47 page students manual 
which contains a synopsis of the film, a manual for the compound 
microscope, and a glossary of optical terms. 
SOCIETY OF AMERICAN BACTERIOLOGISTS 1 '75 
Committee on Materials for Visual Instruction in Microbiology, 
Dr. Harry E. Morton, Chairman, Dr. J. W. Bartholomew, Dr. K. L. Burdon, 
Dr. A. Eisenstark, and Dr. W. H. Ewing • 
. University of Pennsylvania, Sohool of Medicine, Philadelphia 4, Pa. 
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SUBJECT: Cells 
MATERIAL: Motion picture film. 
TITLE: Cells and their functions. 
DESCRIPTION: 16 mm 500ft. black and white sound 
FRODUCTION DATE: 1950 
AUTHOR: Script by Earl Pierce. Narrated by Newton Meltzer, Educational 
consultant, Percy Lawrence Barley, Jr., Ph.D. 
PRODUCER: Athena Film, Inc, from the film produced at the Soyuztech Film 
Studios, 
DISTRIBUTOR: Athena Films, 165 West 46th St., New York 19, N.Y. 
TERMS: Purchase Price, ~65.00, RFntal fee $4.50 for 1 day, $6.00 for 2 days, 
$12,00 for 1 week. 
ABSTRACT 
Whether living things are large or small, the cell is the fundamental unit. 
The isolated beating chick heart is shown outside of the body. The technic of 
tissue culture is demonstrated. Mitosis in cells is clearly shown. Pictured in 
tissue culture are ~ibroblasts from chick heart, ciliated cells, lymphocytes , 
connective tissue cells, nerve cells, and leukocytes, Chemotaxis is shown as 
well as a leukocyte injesting a single bacterium. The function of wandering 
hystiooytes or macrophages is illustrated and the macrophages changing back to 
connective tissue cells. 
REMARKS: This film has been reviewed under the auspices of the Committee on 
Materials for Visual Instruction in Microbiology. The photography 
and narration are very good. The film has instructional value for 
students in biology, bacteriology, embryology, and histology. 
SOCIETY OF AMERICAN BACTERIOLOGISTS, 164 
Committee on Materials for Visua l Instruction in Microbiology, 
Dr. Harry E. Morton, Chairman, Dr. W. W. Smith, and Dr. N. c. Laffer, 
University of Pennsylvania , School of Medicine, Philadelphia-4, Pa. 
SUBJECT: Algae, Protozoa, Crustacia, and other microorganisms of fresh water. 
MATERIAL: Motion picture film. 
TITLE: Life in a drop of water. 
DESCRIPTION: 16 rom 400ft (1 reel), colored and black and white sound 
PRODUCTION DATE: 1946, probably. 
AUTHOR: Dr. Robert T. Hatt, Cranbrook Institute of Science, Bloomfield Hills, 
Michigan, collaborator. 
PRODUCER: Coronet Instructional Films, 65 E. South Water St., Chicago-1, Ill. 
DISTRIBUTORS: (1) Coronet Instructional Films, 65 E. South Water St., Chicago-1, 
Ill. 
TERMS: Purchase prices, $45 for black and white, $90 for colored print. 
DISTRIBD~ORS: (2) Ideal Pictures Corp., 
2408 W. 7th Sr., Los Angeles, California. 
714 Eighteenth St., Denver, Colorado. 
1348 N. Miami Ave,, Miami, Florida. 
52 Auburn Ave., N~ E., Atlanta , Georgia. 
28 E. 8th Street, Chicago, Ill, 
1214 Pennsylvania, Indianapolis, Indiana. 
826 Ba ronne St., New Orleans, Louisiana. 
40 Melrose St., Boston-16, Massachusetts. 
301 W. Lake St., Minneapolis, Minnesota. 
1402 Locust St., Kansas City, Missouri. 
915 s. W. lOth Ave., Portland, Oregon. 
18 S. 3rd St., Memphis, Tennessee. 
2024 Main St. Dallas, Texas. 
10 Post Office Pl., Salt Lake City, Utah. 
219 E. Main St., Richmond, Virginia. 
TEBMS: Rental fee $2.00 for 1 da y. 
Also carried by many college a nd private rental agencies. 
ABSTRACT 
Photomicroscopy of motile and non-motile, sessile and free living protozoa, 
crusta cia, rotofers, and hydra in a drop of water. 
REMARKS: This film has been reviewed under the auspices of the Committee on 
Materials for Visua l Instruction in Microbiology. It is a very superior 
and interesting film. Strongly recommended for all age groups. 
SOCIETY OF AMERICAN BACGERIOLOGISTS 60. 
Committee On Materials For Visual Instruction In Microbiology, 
Dr. Harry E. Morton, Chairman~ Dr. L. H. James, and .Dr. P. s. Prickett, 
UniverSity of Pennsylvania, School of Medicine, Philadelphia~4, Pa. 
SUBJECT: Bacteria, Yeasts, and Molds, Growth of, 
MATERIAL: Motion picture film. 
TITLE: The Growth of Bacteria, Yeasts, . and Molds. 
DESCRIPTION: 16 mm 525 ft (2 reels) black and white silent 
PRODUCTION' DATE: 1933 
AUTHORS: Dr. Ralph W. G. Wyckoff and Mr. J, B. Lagsdin. 
PRODUCER: Dr. Ralph W. G. Wyckoff, 
DISTRIBUTORS: (1) Dr. Harry E~ Morton, Chairman, Committee on Materials for 
Visual Instruction in Microbiology, Society of American Bacteria- . 
logists, University of Pennsylvania, School of Medicine, 
Philadelphia-4, Pa. · 
TERMS: Rental fee $2 for l or 2 days, $3 for 3 or 4 days, $4 for one week. 
Usor to pay transportation charges both ways. 
ABSTRACT 
Reel l ( 275 ft). Mi cropictures of microorganisms grovling on the surface of 
culture medium. Exposures 5 seconds to 8 minutes apart, thus giving a speed in-
crease of 80 to 8000 t imes. Author's thesis is illustrated, in effect that 
bacteria multiply by coccoid division and by branching as well as by fission. 
The following a re exhibited. 
1. Bacillus megatherium. Low magnification of entire colony (25x on film). 
Higher magnification of same illustrates chains. Yet higher, and individual 
cells are defined (3 mm oil immersion obj~ctive, 350x magnification on film). 
Rough colonies well illustrated. 
2. Fission demonstrated in B. flexus and B. lactis aerogenes (Aerobacter aero-
genes). Formation of smooth colonies illustrated. Coccoid division demonstrated 
by Staphylococcus aureus, a tetracoccus, and Sarcina lutea, and branching by a · 
diphtheroid and by Mycobacterium tuberculosis. Incidentally, cells of the tetra-
coccus appear to be motile, and the branchings of the diphtheroid are remarkably 
numerous, at least in early stages of colony formation. 
Reel 2 (250 ft). Many of the phenomena of bacterial growth and multiplication 
are more easily seen in the larger yeasts and molds. A mucor, Rhizopus nigricans, 
is sho~vn at low magnification (16x on film), developing sporangia. Germination 
of several spores is shown at a magnification of 350x on film. Multiplication by 
budding is shown in brewer's yeast and in Endomyces fibuliger. Tropical yeasts 
multiplying by fission are pictured. Branching is shown in a culture of Oidium 
lactis. Giant yeast cells from a Kefir granule are shown, pigmentation of a 
giant cell, and the subsequent growth of a pigmented cell. Remarkable is the 
speed of developmEmt of septa, of sporangia (in Rhizopus) and of pigmentation. 
(over) 
REMARKS: The film llas teen reviewed under the auspices of the liommittee on 
Mate rials for Visual Instruction in Microbiology and is highly recom 
mended for its instructional value . · Excellent photographically, in 
t i t ling , und in t he mossagc propos 0cl . 'l'ho author's thesis is suppor 
ed by demons t ration of reproduction in t hree ways; fission, · budding, 
and branching, in three different forms of microorganisms (bacteria, 
yeast, and tDol ds ). In addition, precise, visual information is sup-
plied in res pe ct to soptum formation, vacuole formation, pigment pro 
duc t ion, pr otoplasmic streaming, and the time factor of different 
s tage s of gr owth of colonies. 
10: 6-J.4 -43 
10:4-10- 44 
lC: 6-28-44 
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Committee on Materials for Visual Instruction in Microbiology, 
Dr. Harry E. Morton, Chairman, Dr. Richard Thompson, and Dr. C. H. Werkme.n, 
University of Pennsylvania, School of Medicine, Philadelphia-4, Pa. 
SUBJECT: Bacteriopha~, Typhoid, 
MATERIAL: Motion picture film. 
TITLE: Action of bacterj_ophage on typhoid bacilli. 
DESCRIPTION: 16 mm 400 ft (1 reel) bla ck and white silent 
PRODUCTION DATE: 
AUTHOR : Dr. Adriar.us Pijper, 57 Celliers St., Pretoria, South Africa. 
PRODUCER: Dr. Adrianus Pijper. 
DISTRIBUTOR: Dr. Harry E. Morton, Chairman, Committee on Materials for Visual In-
struction in Microbi ology, Society of American Bacteriologists, Uni-
versity of Pennsylvania, School of Medicine, Philadelphia-4, Pa. 
TERMS: Rental fee $1 for 1 or 2 days, ~1.50 for 3 or 4 days, $2 for one week. 
User to pay transporation charges both ways. 
Copies for sale at appro.dmately the cost of reproduction. 
ABSTRACT 
Photomicrographs of the reaction of bacteriophage on a non-motile strain of ty-
phoid bacilli made by sunlight dark-ground microscopy with varying magnifioati~n. 
The bacteriophage and typhoid culture are mixed. Various small light bodies are vi-
sible, which are interpreted by the author as bacteriophage particles. The film shows 
the bacteriophage attaching to the bacterial cells. The first noticable change is 
in the cytoplasm of the cells. Some bacteriophage -treated cells slo~ly disintegrate. 
The cell wall becomes thinner. In some oases bubbles arise a t the surface of the 
cells. Some bacilli suddenly collapse. The various steps in baoteriophagy shown are 
summarized at the end of the film. 
REMARKS : The film has been reviewe d under the auspices of the Committee on Materi-
als for Visual Instruction in Microbiology. It is very instructive and re-
commended for teaching purposes. Because of the small size of bac t erioph-
age particles the small light particles (called blue bodies by the author) 
may be cellular detritus from the lysed bacteria or clusters of ba cterio-
phage particles. The bubble eff ect noticed on some bacteria undergoin'j 
lysis may be the protoplasm escaping through the disintegrating call wall. 
For greater magnification of bacteriophage particles and bacterial cells 
undergoing bacteriophagy one should s ee electron micrographs of Escheri-
chia coli and ~· coli bacteriophages (lantern slides nos. 33 to 44 , in-
clusive). 
• 
ABSTRACT 
A Unit on Microscopic Life represents an attempt on the 
part of the writer to apply t h e basic principles and proce-
1/ 
dures set forth in Fundamentals of Secondary-School Teaching-
and in the courses of Dr. Roy 0. Billett in ~he Unit Method 
in the Secondary-School and Dr. John G. Read in Methods of 
Teaching Science in the Secondary-School. Both courses men-
tioned are taught at Boston University School of Education. 
The unit is intended for tenth-grade pupils in general 
biology. It is planned to teach pupils to become intellig ent 
consumers rather than scientists. However, provision is 
made for pupils who have a genuine scientific interest to 
meet their individual needs through the optional related ac-
tivities. A desc r iption of the pupils to be taught, the 
classroom laboratory, and the equipment which is needed to 
teach the unit is g iven in Chapter I of the paper. 
The unit of learning consists of a general statement of 
the unit, statements which cons t itute the delimitation of the 
unit, a list of probable indirect and incidental learning pro-
ducts, and a list of references wh ich are useful to the teacher. 
The delimitation of the unit was written after a consid-
era.ble number of the most modern textbooks had been reviewed. 
An attempt has been made to keep the new vocabulary at a. min-
imum since many tenth-grade pupils are not up to grade level 
! I I 
-Roy o. Billett, Fundamentals of Secondary- School Teaching . 
Houghton Mifflin Company, Boston, 1940. 
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in read ing, but technical terms which are fundamental to an 
understanding of topics which will be studied in the course 
at a later date have been included. With the exception of 
the names of the two phyla which are to be considered in the .. 
unit, scientific classification has been omitted since the 
writer is more concerned with having pupils learn by doing 
than by me morizing material which may be of little, if any, 
value in their future lives. 
It is suggested that the textbook be used merely as a 
reference book and that pupils will have as great an oppor-
tunity as time permits to work with living material. 
The unit assignment consists of an introduction to the 
unit, a list of cor~ activities, a lis t of optional related 
activities, a pretest, which will also be g iven as a final 
examination so that each pupil's educative growth may .be 
measured, and a series of quizzes. A list of supplementary 
reference materials has been prepared and appears at the end 
of the unit. 
Th e method of introducing the unit by using the opaque 
projector to show pictures of microscopic organisms and en-
courag ing pupils to participate in a discussion of them is 
described in Chapter I I under Part II, "Introducing the Unit." 
The core activities were planned in such a way that 
pupils may have a variety of experiences. In order that 
there ma y be a far greater n umber of direct experiences than 
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vicarious ones, most of the ac t ivities require the prepara~ 
tion of microscopic slides by the pupils themselves. Where 
such preparation is impractical, either because of the time 
required or the particular skill involved, permanent mounts 
are to be used. In addition to the activities which involve 
the u se of the microscope, several fi:lins are included. The 
quizzes~ wh ich have been prepared, are to be corrected in 
class by t he pupils, in t h e hope that such an activity may 
provide an opportunity for review. The teacher may also 
learn a little about the effectiveness of his teaching , 
thereby, and have an opportunity to do remedial work before 
the final examination at which time it would be too late. 
Three study guides have been prepared and appear in the 
appendix of the master's paper. The 11 General Study and Acti-
vity Guide" and the 11 Study Guide for Reading on Microscopic 
Life" are to be mimeographed along with the list of supple-
mentary reference materials which is at the end of the unit, 
and a copy of each is to be given to each ·pupil. After each 
activity or question on the guides, there is a numerical re-
ference to those ~· books or pamphlets which would be helpful. 
The "Laboratory Guide for Microscopic Life" explains in de-
tail each activity which involves the preparation of slides 
by the pupils, the examination of them, and the drawing of 
what is observed. I t is suggested that only enough copies 
of the guide for one class be mimeographed and that the 
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several class e s wh ich the teacher has share them, since many 
school budgets limit the amount of paper which may be pur-
chased for the year. 
In preparing the list of option al activitie s for en-
richment and to pr ovide for ind ividual differences, the 
writer has made an attempt to suggest s pecific ways in which 
biolog y may be integrated with such subjects as art, cooking , 
Eng lish, hygiene, sewing, and modern languages. A list of 
pamphlet8 relating to microscopic life, which are published 
b y the University of Massachusetts Extension Service, has 
been prepared so that pupils may have a wide choice of sub-
jects for written and oral reports. Suggestions have been 
made of places to which pupils may send for information in 
the hope that they may get in the habit of taking advantag e 
of t he many sources of free information which are offered 
throughout our country. Additional list s , wh ich have been 
prepared in the way of suggestions, are exhibits and charts, 
experiments, demonstrations,and trips. 
The entire unit has been planned in such a way that 
pupils will have a maximum opportunity for self-government. 
Thereby , they may realize a deeper a ppreciation of the t eam -
work of scientists, teachers, public-health workers, news-
papermen, and citizens which has made possible the great ad-
vances, which have been made in the past centur y , in the 
conqu est of disease. I t is als o hoped that they will a ppre-
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ciate the beneficial value of microorganisms to man and 
understand one of the most basic principles of biology, the 
principle that man cannot upset the balance of nature with-
out suffering serious consequences. 'l'hereby, pupils will 
keep an open mind about new discoveries. _They will welcome 
them optimistically , but at the same time, retain a certain 
amount of wholesome reserve until more evidence is presented, 
which is one of the basic principles of being an intelligent 
consumer. 
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